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The NARSTO PM AssessmentThe NARSTO PM Assessment
!What
"A state of science for policy makers and their advisors
"Atmospheric sciences supporting implementation of
current PM standards

!How
"3 Phases over 2 yrs

ƒDefine focus with policy community
ƒ Inputs from scientific author teams
ƒ Integration/synthesis;
answering policy questions

We are here



Chapters and Lead AuthorsChapters and Lead Authors
!Overview - M. Shepherd*
!Atmospheric Processes - S. Pandis
!Emissions Inventory - G. Hidy, T. Pace, D. Niemi
!Measurements - D. Hastie, F. Fehsenfeld, J. Chow
!Spatial and Temporal Characterization - C. Blanchard
!Source Attribution -  J. Brook & J. Watson
!Chemical Transport Models - C. Seigneur, M.Moran
!Health - B. Jessiman, R. McClellan
!Visibility - I. Tombach, K. McDonald
!Conceptual Descriptions of 9 Regions - J. Vickery*
!Recommendations - P. McMurry*
* Co-Chairs



PM Assessment TimetablePM Assessment Timetable

!Internal review by NARSTO members.... 10/15/01

!External review draft released to public,
and tri-national science panel.... 1/15/02

We are here
!Review closes, comments received.... 7/31/02

!Final submitted to NARSTO
Executive Steering Committee.... 10/15/02

!Document published…. 12/30/02



Starting with Policy Questions;Starting with Policy Questions;
 Senior Policy Maker Interviews Senior Policy Maker Interviews
! 50 Senior Policy Makers
" Federal, State/Provincial, Utility, Industry
" US, Canada, Mexico

! 5 Themes
" Policy goals and corresponding issues
" Relation of science to decision making
" Perceived areas of insufficient science
" Presentation of uncertainties; communication
" Drawing science conclusions & policy implications



!Helping answer 8 key Policy Questions will be important.
!Provide information on all spatial scales for all potentially
causal species.
!Present uncertainties as ranges, as sensitivity analysis, using
narrative descriptions and illustrative graphics.
!Answer the question "So What?".  Do not go beyond where
there is general agreement of science community.
!Having a current understanding of source contributions and
transport characteristics is relevant and timely.
!Provide three versions of the report
!Don't be late!  Need scientific input on an ongoing basis, but
end of 2002 is ok.

Major messages:Major messages:



Theme 1: Policy goals and corresponding issuesTheme 1: Policy goals and corresponding issues

0 5 10 15 20 25 30 35

Balancing all S/E/T factors 

Public health primary; rest
secondary

Simply achieving healthy air

A holistic, integrated approach

Being proactive using current
science

Number of similar  responses 



Theme 1: Policy goals andTheme 1: Policy goals and
corresponding issues – Cont’dcorresponding issues – Cont’d

  Full agreement that having scientific answers to these
 8 questions will be useful in achieving standards.
# Do we have a significant PM problem?
# What is the source of observed concentrations?
# What broad, pollutant based, approaches might fix the

problem?
# What specific, source oriented, options do we have?
# What is the relation between other problems we are working

on and PM?
# How can we measure progress, determine our effectiveness?
# When and how should we reassess and update our

implementation programs?
# How can atmospheric science assist health and exposure

studies for standards reviews?



Theme 2: Relation of science to decision makingTheme 2: Relation of science to decision making
– weighing science among other factors– weighing science among other factors

0 2 4 6 8 10 12 14

> Atm. Science highlights issues;
decisions based on C:B

> Strong science underpins a
rational approach

> Use a stakeholder consensus
process to weigh factors

> Reasonable action justified
with high risk to health

> Science used to show proposed
course of action is not wrong

Number of similar  responses 



Theme 3: Perceived areas of insufficientTheme 3: Perceived areas of insufficient
sciencescience

0 5 10 15 20

> Transport and atm. processes 
> Source attribution,

source/receptor relationship
> Air quality models 

> Air quality measurements,
methods, speciation

> Speciated  source emissions
> Relation of ambient

concentration and exposure
Natural background

Number of similar  responses



Theme 4: Presentations of uncertainties and formsTheme 4: Presentations of uncertainties and forms
of communication – Uncertaintiesof communication – Uncertainties

0 5 10 15 20

> Present a full array following
a hierarchical approach

> Key is what communicates 
> Scientists and staff need

details for credibility
> Weight of evidence approach

with sensitivity analysis
> Put in terms of broad ranges

> Put in terms of relative risk

Number of similar  responses



PQ#1 - Do we have a PM problem?…..PQ#1 - Do we have a PM problem?…..
Measurement uncertaintyMeasurement uncertainty



PQ#1 - Do we have a PM problem?…..PQ#1 - Do we have a PM problem?…..
Average annual PMAverage annual PM10 10  mass concentrations 1995-2000 mass concentrations 1995-2000

 

 



PQ#1 - Do we have a PM problem?…..PQ#1 - Do we have a PM problem?…..
Average annual PMAverage annual PM2.5 2.5 concentrations 1995-2001concentrations 1995-2001
(U.S. FRM monitors began operating in 1998 and 1999)(U.S. FRM monitors began operating in 1998 and 1999)



PQ#1 - Do we have a PMPQ#1 - Do we have a PM2.52.5 problem?…. problem?….
Regional vs. Urban comparisons for:Regional vs. Urban comparisons for:
(l-to-r  LA, Toronto, Montreal, Wash.D.C., Nashville, Atlanta, Birmingham)(l-to-r  LA, Toronto, Montreal, Wash.D.C., Nashville, Atlanta, Birmingham)



PQ#2 – Where we have a PMPQ#2 – Where we have a PM2.52.5 problem, problem,
what is the source?…..compositionwhat is the source?…..composition

Toronto (1997-99)Egbert (1994-99)

Abbotsford (1994-95)

Quaker City OH (1999)

Arendstville PA (1999)

Atlanta (1999)Yorkville (1999)Mexico City - Pedregal (1997)

Los Angeles (1995-96)

Fresno (1988-89)

Kern Wildlife Refuge (1988-89)

Sulfate

Nitrate

Ammonium

Black carbon

Organic carbon

Soil

Other

12.3 ug m-38.9 ug m-3

7.8 ug m-3

12.4 ug m-3

10.4 ug m-3

19.2 ug m-314.7 ug m-3

55.4 ug m-3

30.3 ug m-3

23.3 ug m-3

39.2 ug m-3

Washington DC (1996-99)
14.5 ug m-3

Colorado Plateau (1996-99)
3.0 ug m-3

      Mexico City -  
Netzahualcoyotl (1997)

24.6 ug m-3

Esther (1995-99)

St. Andrews (1994-97)
5.3 ug m-3

4.6 ug m-3



PQ#2 – Where we have a PMPQ#2 – Where we have a PM2.52.5 problem, problem,
what is the source?…..source contributionwhat is the source?…..source contribution



PQ#3 – What broad (pollutant based) approachesPQ#3 – What broad (pollutant based) approaches
might we take?…..Conceptual Modelsmight we take?…..Conceptual Models

Primary Particles
• Metals

• Soil Dust
• Black Carbon

• Organic Carbon
• Sea Salt

Secondary Particles
• Inorganics
• Organics
• Adsorbed

Meteorological Processes Chemical Processes

Clouds Fog
Rain Ice

Temperature

Wind
Radiation

Atmospheric Particles
• Anthropogenic

• Natural

Primary 
Particles

Precursor Gases
• SO2 • NOx
• VOC • NH3

Sources

Emissions

Gas-phase 
Chemistry

Aqueous
Chemistry

Conceptual Model for Particle Matter 



PQ#3 – What broad (pollutant based) approachesPQ#3 – What broad (pollutant based) approaches
might we take?…..Simplified processmight we take?…..Simplified process

Acid deposition

SO2 H2SO4

Acid deposition

Ammonium 
SulphatesInorganic 

sulphate 

NH3

OH

O3, H2O2, O2

H2O

VOC Semi-VOC

RO2
Secondary Organic
Aerosols

OH
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Organic Particles

RO2

Inorganic
nitrates

Ammonium 
Nitrate

NO3
N2O5
↓↓↓↓
HNO3

O3

Non-VOC

NO2

Ozone
hνννν

OH

O3

O3

NO

Ozone
hνννν

Figure 3-1 Simplified processes of particle matter formation from precursor gases



PQ#3 – What broad (pollutant based) approachesPQ#3 – What broad (pollutant based) approaches
might we take?…..Conceptual Models for 9 areasmight we take?…..Conceptual Models for 9 areas

Los Angeles

San Joaquin Valley

Lower Fraser Valley

Canadian Southern 
Prairies / US 
Northern Plains

Mexico City

Southeastern 
United States

Northeastern 
United States

Windsor-Quebec 
City corridor

Upper Mid West-
Great Lakes



PQ#3 – What broad (pollutant based) approachesPQ#3 – What broad (pollutant based) approaches
might we take?…..Conceptual Modelsmight we take?…..Conceptual Models
>> San Joaquin Valley, CA>> San Joaquin Valley, CA

# Annual PM2.5 levels noticeably greater than
annual standard.

# Contributing maximums occur during fall and
winter.

# Composition dominated by nitrate
# Fall and winter peak nitrate levels are limited

by the VOC side of the oxidant process.
# Juxtaposed to the summer ozone problem

that can be NOx limited.



PQ#4 – What specific source options arePQ#4 – What specific source options are
there?…..via Chemical Transport Modelsthere?…..via Chemical Transport Models



PQ#4 – What specific source options arePQ#4 – What specific source options are
there?….. Availability of Emissions Inventoriesthere?….. Availability of Emissions Inventories



PQ#5 – What are the relationships between PMPQ#5 – What are the relationships between PM
and other air pollution problemsand other air pollution problems



PQ#6 – How can we measure our progress?PQ#6 – How can we measure our progress?

Tier I: Emissions

Tier III: Exposure & Health

Tier II: Air Quality



PQ#7 – When and how should we reassess andPQ#7 – When and how should we reassess and
update our implementation programs?update our implementation programs?

# Emissions changes 1-3 yrs
# Ambient trends 3-5 to 5-10 yrs
# Field studies & 5-10 yrs

Major research
# Science assessments 2-3 yrs
# Science assessment to 6-8 yrs

policy application
# Next NARSTO PM 

assessment  End 2008
recommended for



PQ#8 – What further atmospheric sciencesPQ#8 – What further atmospheric sciences
information will be needed in the periodic reviewsinformation will be needed in the periodic reviews
of our national standards?of our national standards?

Table 8.1: Availability of Ambient and Personal Exposure Measurements for 
Hypothesized Causal Elements for PM - according to the separate judgments of 
the atmospheric science (A) and exposure (B) research communities. 

Hypothesis Rationale (A) Ambient Air  
Measurement 
Capabilitya 

(B) Personal 
Exposure 
Measurementb 

1. Particle Mass  Routinec Routine 
2. Particle Size/Surface Area   Research Research  
3. Ultrafine PM   Research Unavailable 
4. Metals or metal compounds  Research  Routine 
5. Acids   Research Research 
6. Organic Compounds  Research Research 
7. Biogenic Particles   Research Research  
8. Sulfate and Nitrate Salts   Routine Routine 
9. Peroxides   Unavailable Unavailable 
10. Soot  Research  Routine 
11. Co-pollutants  Routine Routine 

 




